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ﬂ AUTHORIZATiON FOR TEST

1. This test was authorized by Bureau of Engineering letter
QP/Welding (10-9-Ds) of 21 October 1933.

OBJECT OF TEST

2. To determine the characteristics of welded monel metal with
the object of fabricating feed-water tanks.
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Serial No.KES-5036-8.

1i ABSTRACT OF TnST

Monel metal sheets were welded with monel metal electrodes to form
various types of joints. These joints were tested for physical proper-
ties, and corrosion resistance in the salt spray. .

IE A welded assembly in the form of a tank was given an endurance test

by subjecting it to pulsating hydrostatic pressure, varying from 350 p.s.i.
to 420 p.s.i., during each stroke of the pump.

r- CONCLUSICNS
o

Welded monel metal joints - both square butt and T-joints -
appear to be suitable for the construction of feed-water tanks.

‘ The deposited metal of the welds seems to have the same cdrro—
sion resistance as the base monel metal.

The deposited metal has practically the same chemical analysis
as the base monel metal.

RECOMMENDATION

-,

It is recommended that the welding of monel metal sheets with
either the square butt or T-jointa for fabricating feed-water tanks
be approved.
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AP T AT TN T MreAar
MATERTAL \.‘_Al,{h.u _LI.QF

3. The material to be welded consisted of 1/8-inch sheets of rolled,
annealed monel metal, furnished by the International Nickel Company. The
electrodes were 1/8-inch and 3/32-inch diameter, No.30 arc welding elec-
trodes, also furnished by the International Nickel Company.

METHOD OF TEST

A Three types of joints were tested:

(a) The square butt joint.
(b) The T-joint.
(¢) The reinforced T-joint.

Plate 1 shows the diagrammatical illustrations of all taree types named above.

The sgquare butt joint.

This joint may be produced by a single bead laild on one
slde of the joint only. (Plate 1, Figure a) Another
form of this joint is produced by laying & single bead
on either side of the joint. (Plate 1, Figure b)

The T-jolnt.

This joint is shown on Plate 1, Figures ¢ and 4. This

Joint may be produced in two ways - the scarf{ formed by
the legs of the T may be fillled In with weld metal in s
single layer, or it may be filled in with two successive

beads.

The reinforced T-jolint.

This Jolnt is shown on Plate 1, Figure e. It conslsts
of a common T-jolnt, reinforced by a butt strap, fillet
welded to botn legs of the T as shown.

Corrasion Test,

5. Two types of corroslon specimens werc prepared - single wold
butt jolnt test specimens in the "as welded" conditlon, with the slag re~
moved by hand tools in the usual manner, and square butt joint teat speci-
mens, welded from both sides, with the excess weld metal ground flush with
tae basc mctal. These gpecimens were subjected to hot salt aspray actlon.

| Page 4.
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6. From the materials furnisted, a 12-inch diameter, 36-inch long
tank was constructed in Yne manner illus<irated on Plate 2. All joints were
welded. The dimonslons and desiga of the welds are shown in detall on
Plate 2. This tank was connected t)y a recipracating pump with rellef valve
and pipwnZ in the manner shown on Plate 3. The relief valve is so set that
the pressure within ‘he tank veries from approximately 350 p.s.i. to 420
pes.il. during each stroke of the pump. The pump operated at 16 strokes per
minute, and the tank was subjected ‘o 30,000 cycles. The loangitudinal geam
of the vessel is stressed to 20,000 p.s.l. each time the pressure reaches
16 p.s.i. The gsge pressure is calculated from the formula given in tae
General Specificatisns for Machinery, S48-1-f (2), for thin walled tubes,
as follows:

where t = ,125"
= 20,000 p.s.i.

©
t

|

laY < -~ {
X__-_lﬁ_J_H’x 29,00y - 416 pusad.

hence P =

—

The stress of 20,000 p.s.il. glves a safety fuactor of 2.7 for the longi-
tudinal seam.

¥elded Joint Tests.

7.

TARLE I'OLLING:

Page 5.
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fbvﬁak‘ng f Average Joint
Type of Join* | loan, & Lovai.or of break Efficiency, *
—_— ] 2e8%: L A__mh-m_g&&‘__
Single beni, L 7oC0 Outside of weld
single weld, Y 440 .S S
square butt. ‘ 58030 Partly tusrough weld 92
e p Party unfused = __
. . c00 . Qutsideof weld )
Single tead, | 75000_ ] Qutgide of weld
double veld, ' 79000_ | At tusion line 96 J
] Sgiara huth. jj&lzqq__r_'th_rmn_ml_dm — j
ol e o 000 | Through weld - ]
Dinele layer, f’ 779 | Qutside of weld
T VS S L 100
e | T
. 72169 | Outeide of weld ____
() Doubie bead, | _718Q7 | _ " 100 }
T LS 7 .
b R __71465 ® — _—
5 _ 32515 _| Through fillet
keinforced ..37822 1. .. . . 50
T bmer N
» e ) 206334 " _ _
Parent 71800 = Average strength
Metal 76000 1 = ] T3300 p.s.i.
Specimens RS S SN Flongation in 2%
i e e e ————— ..22:22_!.

———— e e e -

*  Average Joint efficlency 1s based on this formulas

Totul ienpth of weld = A

Unfuse i length = B
. 1008
| E =160 2

Corroalon Test.
8. After the lapse of 1200 houra of exposure to the hot salt spray, F
the followlng conditions were obaerveds B
i
The depos'ted salts could be easily removed by bdrushlng and 1
rinsing, leaving base metal and weld metal practically un- ‘
stained. :
There was no pitting discernible on the base metal, on the .
® wald metal, or at weld zane. ‘
.': - ‘1
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Serial No.EES-5036-H.

Fndurance Test.

9. The welded seans of the =2l -reided zmonel metal tank withstood
60,000 stress impulses witicut letkage or cracking.

DISCUSSION

10. The productlon of square butt joints raquires careful assembl-
ing - the ends -~us* meect square and carefully aligned. Tae usc of a chill
plate nnider the [, -t .1 advisable, a copper chill plate being preferable
to steel. The use of & cnill plate was found advisable regardless of
whether i.e jownt ¢ welded from one slde only or from both sides. When
welded from botn sid ¢, azfter the completlon of the first bead, the chill
plate nay "~ ‘lsrurded. On account of the low heat conductivity of monel
metal, €. . Luw . chill plates are used, the length of each weld incre-
ment ls limited to a mrximum of three inches, if undercutting ls to be
avolded.

T-joints.

11. T-joints do not require as careful alignnent in assembling as
the square butt joints. They do not require the use of chill plates and
the length of the increments In construction depends on the method of
welding used. When the scarf ls filled with & single layer the maximum
length of each increment should not exceed 2-1/2 inches. ¥hen the scarf
is filled witi %wo suporimposead beads the length of the increment of the
first bead 13 limited to 3 inches; that of the second bead may reach 4 in
inches.

¥eldability, General,

12, All welding should be dune in the horizontal, dowmhand pos!-
tion, with 1/8" dlameter electrodes. Unavoldable position welding should
be done with 3/32" diameter electrodes only, in order to aveid burning
tarough the 1/8" shect. Positlon welding should be limited to vertical or
vertically inclined work; overhead welding can not be done with monel
metal electrodes.

13, Monel mnetal elactrodes are a specimlty. A set of specifica-
tions will be submltted separstely to cover the requirements for their
purchase.

14. Single bead, single weld, square butt joints are capable of de-
veloping the full strength of the base metal, when properly made. However,
a slight irregularity developing during deposition may result in lack of
fusion, which ls not dlscernible by visual Lnapection. The reinforcement

Page 7.
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Serial No.EES-5036-H.

of tae weld veducer it oaoett L o a0 slnutely 29 per cent of the base
metal. Single Lead, nguare Yaouv foints, we'ledl from both sides, are more
reliable than the oirgle bead, s.nglc o 0d jelrt.. With the reinforcements
removed, the ductility -t single eal, noulle weld jolnts is approximately

40 per cent of tne base zetal.

15. T-joints, welded with a sirgle layer,are apt to develop the
same shortcomings as pointed out in the case of single bead, single weld,
square butt joints. T-joints welded with two superimposed beads appear to
be the most reliable.

16. Reinforced T-jolnts are unsatisfactory, as proven by the tests,
as taey depend on 1/8" fillet welds, which are unsatisfactory for strength.

17. The cost of producing square butt joints is about the same as
that of the T-joints, ac the time required for aligning the square butt
Joints and gpplying the chill plate is roughly equivalent to the time re-
quired to form the legs of the T, clamp and tack weld the edges of the T.

18. The single bead, single weld jolnt requires but one-half the
welding time of any of the other joints mentloned, and it is capable of de-
veloping the full strength of the base metal. However, it gives the least
stiffness to a structure and should not be rolied on for strength unless
proven by hydrostatic test. The T-joints are capable of stiffening a
ctructare with the addition of the least amount of material, and develop
tae full strength of the base metnl. The double bead T-joint is the most
rellable as far as s‘rength and tightness are concerned, without any sacri-
fice to increased labor and material costs.

Pt od A iS4

19, Welded monel metal joints - both square butt and T-joints -
appedar to be sultable for the construction offeod-water tanks.

20. The deposlted metal of the welds seems tn have tne same cor-
rosion reslstance as the base monel metal.

21, The deponited metal has practically the same chemical analysis
ag the base monel metal.

Pnge 8.
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